Acetic, propionic, and n-butyric acids, called short-chain fatty acids (SCFA), are the major end-products of the hindgut fermentation. SCFA are rapidly absorbed across the colonic mucosa and used as the nutrient. Luminal SCFA enhance the absorption of sodium and water. Bicarbonate accumulates in the hindgut lumen in proportion to the amount of SCFA absorbed in various animals. The buffering system of the bicarbonate accumulated into the lumen in response to SCFA absorption may stabilize the luminal pH. Propionic and n-butyric acids stimulate the colonic motility with an increased peristaltic propulsion of perfusate in the rat in vivo. Propionic, n-butyric, and n-valeric acids stimulate contractile response of the isolated segments of the rat colon in a dose-dependent manner. The contractile effect of SCFA on the rat colon does not act directly on the smooth muscle. The enteric nervous system may mediate the effect of SCFA, since the contractile responses were abolished by tetrodotoxin and atropine. The acute and chronic administration of SCFA (acetic, propionic, and n-butyric acid) into the hindgut of the rat enhanced the proliferation of the epithelium of the digestive tract in vivo. The stimulatory effect of SCFA is dose-dependent and is strong in order of n-butyric > propionic > acetic acids. Thus, SCFA are important not only as the nutrient but also as the modulator of electrolyte transport, motility, and epithelial proliferation of the digestive tract.
Acetic, propionic, and n-butyric acids, called short-chain fatty acids (SCFA) or volatile fatty acids (45) , are the major endproducts of anaerobic microbial digestion of carbohydrates in the large intestine. Undigested fiber in the ileal effluent, mucin from the gastrointestinal mucosa, and desquamated cells are major sources of such fermentation (6, 38) . SCFA (100-200 mmol/ liter) constitute the major anion in the contents of the large intestine (45) . SCFA can easily penetrate the luminal membrane of the epithelial cell in the large intestine as mostly un-ionized form (45) .
A part of SCFA, especially butyrate, are metabolized in epithelial cells (27) with the residual part to be transported from the cells into the portal vein (45) . SCFA absorbed from the large intestine serve as the energy source in various mammals; 5-30% in pigs, 5-9% in humans and rats (24) .
In addition to such nutritional importance, SCFA affect gastrointestinal functions in various mammals (Table 1) . Thus these acids seem to play an important role as the physiological luminal stimuli that modify the structure and function of digestive organs. The aim of this paper is to review recent findings on the absorption of SCFA and the influences of SCFA on the electrolyte transport, motility, and epithelial proliferation in the large intestine. the hindgut fermentation are absorbed from the large intestine (7). SCFA are absorbed faster than sodium on the molar basis. The luminal presence of SCFA normally accompanies water absorption. Acetic, propionic, and n-butyric acids are more rapidly absorbed than lactic and succinic acids in an in vivo perfusion study in the rat (39) . Luminal SCFA, but not lactic and succinic acids, enhance the absorptions of sodium and water (Fig. 2) . Such enhancement of the sodium absorption by luminal SCFA are generally seen in guinea pigs (26) , men (28) , pigs (1), goats (2), and horses (3).
Although the large intestine is exposed to high concentrations of SCFA, the luminal pH in the cecum and the colon is maintained at a near-neutral range (6.5-7.0). Bicarbonate accumulates in the hindgut lumen in proportion to the amount of SCFA absorbed in rats (39) , guinea pigs (26), men (28), goats (2), and horses (3). Umesaki et al. (39) demonstrated in an in vivo perfusion study of rats that a close linear relationship exists between the amount of SCFA absorbed and that of bicarbonate accumulated in the lumen (Fig. 3 into the lumen in response to SCFA absorption may stabilize the luminal pH, thereby facilitating the establishment of a stable microbial ecosystem.
Influence of SCFA on the Colonic Motility
The luminal SCFA inhibit the reticuloruminal motility in the ruminant through the stimulation of a specific receptive mechanism in the mucosa of the reticulo-rumen (18, 19) . The inhibitory reflections produced by the SCFA stimuli are mediated by the enteric nervous system (9) and/or the gastric center of the medulla oblongata (18) .
On the contrary, propionic and n-butyric acid (10 mM) stimulate the colonic motility with an increased peristaltic propulsion of perfusate in the rat in vivo (42) (Fig. 5) . Propionic, n-butyric, and n-valeric acids stimulate contractile response of middle and distal, but not proximal, segments of the colon in rats (41) (Fig. 6) . The contractile response began within 10 sec after the application of SCFA and faded to the basal tone within 60 sec. The threshold concentration of SCFA in this contractile response was 0.03 mM for the middle and distal colon and the maximal response was attained at 0.1 mM. Acetic (10 mM) and lactic (30 mM) acid had no contractile effect on the rat colon. The contractile effect of SCFA on the rat colon does not act directly on the smooth muscle, since SCFA do not stimulate the contraction of the isolated colonic muscle layer but relax it. The enteric nervous system may mediate the effect of SCFA, since the contractile responses were abolished by tetrodotoxin (a neuroblocker) and atropine (a muscarinic receptor antagonist). A sensory mechanism for SCFA seems to exist at or near the mucosa, since both (A) the scraping of the mucosa abolished the response, and (B) a pretreatment with procaine (a local anesthetic) added to the mucosal surface inhibited the contractile response to propionate, suggesting the presence of a sensory mechanism for SCFA within or near the epithelium. The short latency ( <10 sec) suggests that the receptive mechanism (receptor) for SCFA may exist somewhere in or just beneath the epithelium in the rat colon.
The possible presence of SCFA-receptor is supported by the indirect evidences of (A) reversible self-and cross-adaptations elicited by propionate, n-butyrate, and n-valerate, and (B) the apparent antagonism exerted by acetate and lactate (Fig. 7) . produced by the cumulative addition of propionate, n-butyrate, or n-valerate, and (B) the cross-adaptation produced between acetate or lactate, and propionate. The longitudinal mechanical activity was recorded as similar as in Fig. 6 . The everted preparations from the middle colon were used. The same or a different acid was cumulatively applied after an interval of about 4 min. Drawn after the data in Yajima (41) .
Influence of SCFA on the Epithelial Cell Division of the Digestive Tract SCFA generally inhibit the proliferation of mammalian cells in vitro (17, 25) , including the primary culture of ruminal epithelium. (8). Sakata (29) demonstrated that acetic, propionic, and n-butyric acids inhibit cryptal cell proliferation rate of isolated cecum cultured in vitro for a short time, in a dosedependent manner. The strength of the inhibitory effect was in the order of n-butyrate > propionate> acetate.
On the contrary, SCFA stimulate the cell proliferation of the epithelium of the digestive tract in vivo (30) . SCFA are responsible for the drastic development of the ruminant forestomach mucosa during the weaning period (37). Sakata and Engelhardt (30) demonstrated that a solution of physiological concentration of SCFA (acetic acid 75 mM, Bull. 37 : 65-70.
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